The complete sequence of RNA segment 5 of the African horsesickness virus serotype 4 (AHSV-4) vaccine strain was determined from cDNA clones inserted into pBR322. The RNA is 1751 bp long (Mr l'12xl06) and contains an open reading frame encoding a protein of 548 amino acids (Mr 63122) with a net charge of+0-5 at neutral pH. A comparison of the sequence of AHSV-4 segment 5 with that of segment 6 ofbluetongue virus (BTV) serotypes 10 and 17 revealed 49.2 % and 48.9 % nucleotide similarity, respectively, and 31.4% amino acid similarity. However, AHSV-4 segment 5 has no significant similarity to BTV segment 5. In addition, Northern blot hybridization showed that full-length AHSV-4 segment 5 cDNA cross-hybridized with the corresponding genes of all serotypes of attenuated AHSV.
The complete sequence of RNA segment 5 of the African horsesickness virus serotype 4 (AHSV-4) vaccine strain was determined from cDNA clones inserted into pBR322. The RNA is 1751 bp long (Mr l'12xl06) and contains an open reading frame encoding a protein of 548 amino acids (Mr 63122) with a net charge of+0-5 at neutral pH. A comparison of the sequence of AHSV-4 segment 5 with that of segment 6 ofbluetongue virus (BTV) serotypes 10 and 17 revealed 49.2 % and 48.9 % nucleotide similarity, respectively, and 31.4% amino acid similarity. However, AHSV-4 segment 5 has no significant similarity to BTV segment 5. In addition, Northern blot hybridization showed that full-length AHSV-4 segment 5 cDNA cross-hybridized with the corresponding genes of all serotypes of attenuated AHSV.
African horsesickness is one of the arthropod-borne virus diseases of solipeds, produces high mortality in horses and is caused by African horsesickness virus (AHSV), a member of the orbivirus genus of the Reoviridae family (Holmes, 1991) . The AHSV virion consists of seven structural proteins and 10 dsRNA segments, which are similar to those of the prototype orbiviruses, such as bluetongue virus (BTV) (Oellermann et al., 1970; Bremer, 1976) . Analysis of the coding assignments for the BTV genome has revealed that RNA segments 1, 2, 3, 4, 5, 7 and 9 encode proteins VP1, VP2, VP3, VP4, VP5, VP7 and VP6, respectively. In addition to these structural proteins, a variety of non-structural proteins are also synthesized in BTV-infected cells. Four such proteins have been identified and designated NSI, NS2, NS3 and NS3A. In vitro translation and baculovirus expression studies have shown that these proteins are encoded by BTV segments 6 (NS1), 8 (NS2) and 10 (NS3 and NS3A) (Mertens et al., 1984; Van Dijk & Huismans, 1988; Gould & Pritchard, 1988; Urakawa & Roy, 1988; French et al., 1989) . In AHSV, segment 10 encodes both NS3 and NS3A, as demonstrated by using a rabbit reticulocyte lysate translation system (van Staden & Huismans, 1991) , and segment 7 encodes VP7, as deduced from the nucleotide and amino acid sequence
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0001-1033 © 1992 SGM homology with BTV VP7 (Roy et al., 1991) . Recent analysis of the coding assignment for AHSV-4 genes has revealed that segments 1, 2, 3 and 4 encode VP1, VP2, VP3 and VP4, segment 5 encodes NS1, segment 6 encodes VP5 and VP6, segment 9 encodes NS3 and segment 10 encodes NS4 and NS4a (Grubman & Lewis, 1992) . In this report, we present the complete nucleotide sequence of AHSV-4 vaccine strain RNA segment 5 and document its similarity to BTV segment 6. In addition, we show the genetic relatedness of segment 5 within the AHSV serogroup using Northern blot hybridization.
Eight serotypes of attenuated AHSV (AHSV-1 to -8) vaccine strain were kindly provided by Dr M. Kaveh, Institut d'Etat des Serum et Vaccins Razi, Teheran, Iran. AHSV serotypes were cloned three times by plaque formation and grown in Vero cells. Viral dsRNA was purified by a combination of the methods of Sugiyama et al. (1982) and Diaz-Ruiz & Kaper (1978) . The RNA species were separated by 1 ~ agarose gel electrophoresis according to the method described by Maniatis et al. (1982) . AHSV-4 segment 5 RNA was polyadenylated at the 3' end and cDNA was synthesized by using reverse transcriptase (Seikagaku Corporation) with oligo(dT) as primer (Purdy et al., 1984) . After removal of the RNA templates by hydrolysis with KOH, cDNA products were self-annealed and their 3' ends were repaired with reverse transcriptase by a modification of the method of Purdy et al. (1984) . The cDNA was then tailed with dC 130  140  158  160  178  180  190  200  210  220  238 1450  1460  1478  1480  1498  1500  1518  1520  1538  1540  1550  1568 1570  1560  1590  1600  1618  1628  1630  1640  1650  1660  1670 G T T A A A . . . ; the other was . . . ACTTAC 3', the characteristic T-terminal sequence. The complete nucleotide sequence of an AHSV-4 segment 5 cDNA is presented in Fig. 1 with the predicted amino acid sequence. It is 1751 bp long of Mr 1.12 x 10 6, the coding strand has a base composition of 28-27~o U, 29-98~ A, 16.45~o C and 25-30~ G. AHSV-4 RNA segment 5 contains one long open reading frame (ORF), beginning with an A U G at positions 36 to 38 and terminating at positions 1680 to 1682 with a UAG codon. No additional ORF of significant length was detected in either the plus or minus strand RNA. This segment shows 49.2~o and 48.9~o nucleotide sequence similarity with segments 6 (1769 bp long) of BTV-10 and BTV-17 (Lee & Roy, 1987; Wang et al., 1989) , respectively, but no significant similarity with BTV-I segment 5 (1635 bp long) (WadeEvans et al., 1988) . Furthermore, the length of the noncoding region of AHSV-4 segment 5 is relatively similar to that of BTV segment 6 (one nucleotide longer in the 5' region and seven nucleotides shorter in the 3' region). The ORF encodes a polypeptide of 548 amino acids, with a calculated Mr of 63122 and a net charge of + 0.5 at neutral pH. A protein homology search of the libraries SWISS-PROT, Version 19 and NBRF-PIR Version 30 using the GENETYX software (Software Dex(elopment Co.) indicated that the amino acid sequence of this polypeptide is similar to that of BTV-10 and -17 NS1 (Lee & Roy, 1987; Wang et al., 1989) . No significant homology was found with the sequences of other BTV proteins. When the amino acid sequences were optimally aligned, the distribution of the homologous sequences was found to be spread throughout the molecule, but not in the C termini (Fig. 2) . The N-terminal 512 residues have 31-4% similarity with BTV NS1, increasing to 71.1% when amino acids of similar character are also taken into account. In addition, the positions of nine cysteine residues of a total of 16 are conserved.
Recently, Grubman & Lewis 0992) have .reported the gene coding assignment of AHSV-4 deduced using an in vitro translation method. They also showed that AHSV-4 segment 5 encodes the NS1 protein. The AHSV-4 NS1 protein is four amino acids shorter than those of BTV-10 and -17. The hydropathy profile of AHSV-4 NS1 shows some similarity with that of BTV-17 NS1 (data not shown). The difference in the C termini might result in differences in the morphology of the tubular complex formed by BTV and AHSV NS1 (Huismans & Els, 1979; Lecatsas, 1968; Urakawa & Roy, 1988) .
Since the NS1 gene of BTV has been shown to be highly conserved among various BTV serotypes (Huismans & Cloete, 1987; Ritter & Roy, 1988) , it was of interest to determine whether the AHSV NS1 genes are also conserved. Hence, we carried out Northern blot hybridization with the dsRNA of eight serotypes of attenuated AHSV using the full-length cDNA of AHSV segment 5 (pAH4.5-NM) as a probe. Under high stringency conditions the cDNA hybridized to the corresponding genes of all the serotypes (Fig. 3) . This has been demonstrated previously using an incomplete cDNA including 82% of the gene (Bremer et al., 1990) . Huismans & Cloete (1987) reported that the BTV segment encoding the NS1 protein hybridizes only to BTV RNA, but not to that of AHSV, epizootic haemorrhagic disease virus or a number of other orbiviruses, suggesting that the NS1 gene might provide a specific probe for the detection of AHSV. Furthermore, in BTV-infected cells, NSI mRNA is the most abundant (Huismans & Verwoerd, 1973; Huismans, 1979) . Considering these data, AHSV segment 5 dsRNA and mRNA may be a more efficient target for the detection of AHSV, for example by in situ hybridization or the polymerase chain reaction.
